Chemosensory detection may be an important aspect of the predator-avoidance strategy of many mammals, and behavioral responses to chemical cues from predators have been studied in some detail. MUillerSchwarze (1983) and Weldon (1990) Sullivan et al., 1988a Sullivan et al., , 1988b Sullivan et al., , 1990a Sullivan et al., , 1990b Urine from natural predators of A. rufa, i.e., bobcats, minks, and coyotes was purchased from M&M Fur Company (Bridgewater, SD 57319). According to the supplier, urines were uncontaminated, except for the addition of an antifreezing compound to coyote urine. It is likely, however, that minor contaminants such as traces of feces and hair were present. To remove these, the urine was centrifuged at 4,000 rpm for 20 min. Aliquots of each pool were frozen at -350C.
Freshly voided urine from the domestic dog, which is not a natural predator of mountain beavers, was collected from two male pets, centrifuged and stored in the same manner. Freshly voided urine from guinea pigs (Cavia procellus) and prairie voles (Microtus ochrogaster), used for control purposes, was collected from laboratory colonies, centrifuged, and stored as outlined above. All samples were thawed immediately prior to being used in a test.
Secretions from anal glands were collected by E. Zinkevitch from male farm-bred minks, following methods described by Sokolov et al. (1980) . The pure secretion was stored in a refrigerator.
Experiments 1-4. -The effects of scent from predators and of control scents on the consumption of a highly preferred food, diced apple, were investigated using two-choice tests. Animals were presented with two stainless-steel bowls, each containing 20 g of diced apple (2-cm cubes). Each bowl was 12 cm deep and had an 8-mm-wide rim. Stimulus scents, in the amounts specified below, were applied to the rim of each bowl, and small drops of the material were allowed to flow down on the inside of the container. Apple was added after the stimulus fluid had dried to avoid contamination of the food with the stimuli. The beavers had to bend over the scented rim of the bowl to retrieve the apple.
Animals were tested between 1000 and 1300 h. Each mountain beaver was tested once daily, and not >3 times/week. For each test, both bowls were introduced into the cage compartment that did not contain the nest, and were placed against the wall opposite the connecting door. They were spaced ca. 25 cm apart. After a 2-h test-period, the weight of apple left in each bowl was recorded. All subjects were tested twice with every set of stimuli in each experiment. The left-right position of the scented bowls was counterbalanced across the two replications on each subject and across subjects. Experiment 1.--The effect of a novel control odor on feeding was investigated in 10 subjects. Each animal was tested twice with a choice between apple from an unscented bowl and from a bowl scented with 50 Al of 2.5% butyric acid in mineral oil. Experiment 2. -The effect of urine from an unfamiliar herbivore on food consumption was investigated in 12 subjects. Each animal was tested twice with a choice between apple offered in an unscented bowl and apple offered in a bowl scented with 500 Al of pooled urine from male and female guinea pigs. Experiment 3.--The effect of secretion from anal glands of minks and of a control odorant, butyric acid, on food consumption was investigated in 10 subjects. Each animal was tested twice with a choice between apple offered in a bowl scented with 50 pl of pure secretion from anal glands and apple offered in a bowl scented with 50 Al of 2.5% butyric acid in mineral oil. Experiment 4.-The effect of urine from four predator species on food consumption was investigated in 12 subjects. Urine from three natural predators ofAplodontia, bobcats, coyote, and minks (Campbell, in press; Feldhamer and Rochelle, 1982), and from the domestic dog was used. Each animal was tested twice with a choice between apple in a bowl scented with 500 Al of urine from each predator species and apple in a bowl scented with 500 Al of urine from prairie voles. The animals were tested in a counterbalanced design. On each experimental day, four subjects were tested, one with bobcat urine, one with coyote urine, one with mink urine, and one with dog urine.
Experiment 5. -The effect of long-term exposure to predator odors on food consumption was investigated in five subjects. In the course of this habituation experiment, each animal was exposed to coyote urine continuously for 5 days while being housed in a large room (3.5 by 3.5 m). The room was equipped with the nest bucket of the subject, two metal tunnels (120 cm long, 15 cm diameter) to increase environmental complexity, a water bowl, and two feeding stations located 3 m from each other. Each feeding station offered dry pellet diet in a bowl. One bowl was scented with coyote urine, while the other bowl was scented with water.
The feeding stations consisted of translucent plastic boxes (40 cm long, 28 cm wide, 23 cm high) with 13 by 13-cm entrances. These boxes were used to concentrate volatiles emanating from a scented ceramic food-bowl located inside each box. The bowls (23 cm in outside diameter) were fitted with loops of teflon tubing (6.4 mm in inside diameter), which served as scent dispensers. The tubing featured 3-mm wide holes, spaced 5 cm apart. Strips of 2.5-cm-wide gauze, inserted into each tube, served as wicks. The tubing loops, whose diameters were identical to those of the bowls, were clamped to each bowl, resting on its 2-cm-wide rim.
The scent dispensers were loaded by injecting 2 ml of coyote urine or water through the holes of the tubing, distributing the fluids evenly throughout the loops. One of the two feeding stations, including bowl and loop, always was used to present coyote urine, while the other always was used to present water.
Each subject was introduced into the room 24 h before predator urine was presented. During this period, 70 g of dry pellets were available in both feeding stations. The food bowls were fitted with empty scent dispensers. Dry chow was the only food available throughout the adaptation and test periods.
A 5-day test-period followed adaptation. On each test day, at 1000 h, the weight of chow remaining in the feeding stations was taken as a measurement of consumption. Fresh chow (70 g) was placed in each feeding station and the scent dispensers were loaded with 2 ml of coyote urine or water. Scent dispensers were cleaned daily by discarding used gauze wicks and rinsing the tubing in running hot water, followed by 95% ethanol. New wicks were inserted into the dry tubes and the dispensers were loaded with urine or water. The location of boxes in the room remained constant throughout the 5 days of testing, but positions of urine-scented and water-scented stations were determined daily at random.
RESULTS
When mountain beavers were presented with choices between apple from unscented bowls and from bowls scented with either butyric acid or guinea pig urine, they fed indiscriminately from both bowls, removing most of the apple (Experiment 1: scented with butyric acid 16.9 ? 1.8 g, unscented 16.5 ? 1.3 g; Experiment 2: scented with guinea pig urine 16.8 ? 1.8 g, unscented 17.7 ? 1.8 g). These results document that presence of unfamiliar, but behaviorally irrelevant odors does not inhibit feeding.
Significantly less apple was removed from the bowl scented with secretion from anal glands of mink than from the bowl scented with butyric acid (Experiment 3; Fig. 1) . Likewise, in Experiment 4, significantly less apple was taken from bowls scented with urine from dogs, minks, bobcats, or coyotes than from bowls scented with urine from prairie voles (Fig. 2) . There was no significant difference in the degree to which urine from the four predator species reduced food consumption. When predator odors were present, overall consumption was reduced. In control experiments the combined amount of apple removed from both bowls was higher than in experiments where one of the bowls was scented with predator urine or secretion from anal glands (Fig. 3) .
Throughout the 5 days of exposure to coyote urine in Experiment 5, mountain beavers consumed significantly less chow from the feeding station scented with predator urine than from the station scented with water (Fig. 4) . Moreover, there was no significant difference in feeding over days of exposure, indicating that animals did not habituate to the predator odor.
DISCUSSION
Our studies show that mountain beavers respond to urine from several natural predators, as well as to secretions from the anal gland of minks by reducing food consumption when they encounter these stimuli around a food source. These materials appear to contain cues that function as natural repellents. Urine from the domestic dog has a similar effect. There was no statistically significant difference in the degree to which urine from the four predator species reduced feeding. However, Fig. 2 shows that among the urine samples, coyote urine tended to be the most effective and dog urine the least effective stimulus.
Feeding responses of mountain beavers during continuous exposure to coyote urine show that animals did not habituate to the predator scent over a 5-day period. While it is possible that habituation eventually occurs if the animals are exposed to predator scents over a long period of time, studies by Nolte et al. (in press) suggest that these odors inhibit feeding for at least 2 weeks when alternative food sources are present. Mountain beavers, presented with foliartreated Douglas fir (Pseudotsuga menziesii) seedlings, avoided those seedlings treated with coyote urine for the duration of a 2-week experiment (Nolte et al., in press).
Failure to habituate to predator odors also has been found in other studies. Bobcat urine, which inhibits gnawing of fruit trees associated with scent-marking by woodchucks, retains its effectiveness for >3 months (Swihart, 1991 ., 1988a, 1988b, 1990a, 1990b) .
The effectiveness of urine from the domestic dog as a feeding deterrent in the mountain beaver is somewhat surprising. Sullivan et al. (1985a) found dog urine to be ineffective in reducing browsing damage to conifer seedlings by snowshoe hares. There is some variability in the extent to which different mammalian species respond to chemosensory cues from sympatric and allopatric predator species and from carnivores that do not regularly prey on them. 
